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1. Introduction 
Mountain regions are often marketed with statements suggesting “…, where time has stood 
still.” Anyone who believes such statements is in for a disappointment as, of course, time 
does not stand still in the mountains, on the contrary: it is there that, behind the proffered 
Disneyland of mountain traditions, change often happens faster than in the lowlands. 
Global Change as climate change is hitting ecologically and economically sensitive 
mountain regions. Globalization reaches areas that adhere to a small-scale patchwork of 
social and economic structures, ill prepared for external impacts and global competition. It 
takes over traditional cultures and changes the way we interact, what we wear, what we eat, 
the music we listen to. Political agency is passed on to new integrative spatial units, to the 
global economy and political agreements. This shifts the responsibility for shaping our 
living environment to extranational bodies and reduces agency at national and regional 
level. In addition, coherent mountain regions are often spread across several states, which 
makes them potential or actual contended spaces.  
Global Change research in mountain regions has to date focused on climate change (EEA, 
2004; Kohler & Maselli, 2009) while the impact of globalization has not received anything 
like as much attention (Borsdorf et al., 2008; Jandl et al., 2009). In reality, both phenomena 
interact and can only be analysed and evaluated in an integrative manner. 
This chapter aims to look at Global Change from different perspectives and in an integrative 
approach. Our case in point are the Alps and, within them, mainly the Austrian Alps where 
the authors concentrate their research. After analysing the status quo, we shall present 
ongoing political processes, programmes and research and define the issues. Climate change 
concerns all spheres of nature and different subareas of the anthroposphere. It is in the 
cryosphere that change becomes most clearly visible, especially on glaciers and in 
permafrost areas, but also in the valleys. These lower lying areas face increased hazards but 
also new economic opportunities for agriculture and tourism, which we will discuss before 
closing with an outlook on future challenges.  
2. The Alps – a case in point of a mountain area and its political dimension 
The Alps – as defined by the Alpine Convention – cover an area of roughly 190,000 km² and 
are populated by more than 14 million inhabitants plus another 120 million annual visitors 
(Bätzing, 2003). They provide resources for up to a third of the European population. Three 
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large streams, the Rhine, the Rhone and the Po originate in the Alps, most of the water for 
the Danube comes from there, justifying their by-name of ‘water tower of Europe’. This 
water is nourishment, process water and provider of clean and renewable energy as well as 
peak electricity for the European grid. 
The Austrian share of the Alps makes up two thirds of the state territory but only 40% of 
Austrians live in the mountains. Permanent settlement is only possible up to ca. 2000 m a.s.l. 
This means that 75% of the Alpine area can only be settled seasonally or not at all. Human 
settlements thus reach the upper altitudinal limit and with it an ecologically highly sensitive 
border area. At the same time, the Alps represent a hotspot of biodiversity and an important 
gene pool as well as pools of cultural diversity and are a recreation area of global stature. 
Scientists may see them as open-air laboratories of Global Change. Here, especially, 
strategies for sustainable regional development are needed to minimize risks and to 
leverage opportunities. They can help maintain a unique area in its potency for inhabitants, 
visitors and for the extra-Alpine population that depends on its resources.  
In November 1971, UNESCO established the ‘Man and the Biosphere’ research programme. 
It posed questions about the interaction between humans and their environment from a joint 
natural and social sciences point of view, questions that could be vital for our future. 
Importantly, the sixth project in this programme, ‘Impact of human activities on mountain 
ecosystems’ was dedicated to the mountains of the world. The first UN conference ‘On the 
Human Environment’ was held in Stockholm in June 1972. The recommendations from this 
meeting shaped the ensuing international mountain conferences. The same year saw the 
publication of the Club of Rome’s famous report ‘The Limits to Growth’ (Meadows et al., 
1972). Its much debated projections of exponential growth of populations, economy and 
technology started research into globalization.  
Many international mountain conferences followed over the next years. In 1983, the 
mountain centre ICIMOD for all eight states of the Hindu Kush-Himalaya was established 
in Kathmandu; in 1986, the African Mountain Association formed in Ethiopia, followed in 
1991 in Chile by the Andean Mountain Association. On this basis, the developing countries 
enthusiastically supported the proposal of a mountain chapter in the Agenda 21 at the third 
preparatory conference for Rio in the autumn of 1991. This chapter 13, ‘Managing Fragile 
Ecosystems: Sustainable Mountain Development’, was then passed unanimously at the so-
called Earth Summit in Rio de Janeiro in June 1992. This amounts to a global recognition of 
the world’s mountains, their resources and their problems (Messerli, 2010).  
In 1991, the Alpine Convention was signed by eight Alpine states. It formed the first cross-
border agreement based on the idea of sustainable regional development in a mountain 
area. A similar convention is currently being prepared for the Carpathians. 
In 1997, the UN General Assembly for the evaluation of Agenda 21 was fundamental to 
rethinking the global significance of mountains. The delegates understood that mountains 
preserve a series of common goods, such as vast treasures of biological and cultural 
diversity, that they are water towers for an increasingly thirsty planet, sensitive indicators of 
climate and environmental change, vital recreation areas for an increasingly urbanized 
world population, sacred places in many cultures and religions and uniquely privileged 
regions for protected areas, but also sites of erosion, risks and disasters with damaging 
effects on adjacent lowlands. Based on this new understanding, the UN General Assembly 
decided on 10 November 1998 that the year 2002 should be the ‘International Year of the 
Mountains’, the same year as the World Summit on Sustainable Development in 
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Johannesburg. These developments greatly increased public awareness of the effects of 
climate change and globalization even for remote mountain regions.  
In 11 March 2010, the UN General Assembly passed Resolution 64/205 on ‘Sustainable 
Mountain Development’. Its 45 paragraphs include numerous references to common goods 
of the mountains, common concerns, as well as recommendations for governments and 
research. In 2012, ten years after the International Year of the Mountains, the conference 
Rio+20 (Stockholm+40) will be held again in Rio de Janeiro.  
 
 
Fig. 1. The rise of mountain research within the framework of regional associations, political 
declarations and conventions and research networks (graphic design: K. Heinrich 2011)  
This brief summary shows how mountain regions are attracting growing political attention. 
It also shows that the complex structures, processes and problems of mountain regions can 
only be tackled successfully on the basis of an inter- and transdisciplinary approach.  
In order to strengthen mountain research, to profit from regional expertise and scientific 
results, to allow comparative analyses, to improve the lives of mountain people and to 
respond to the challenges of global change, mountain scientists have established mountain 
research, information and cooperation networks such as the Mountain Forum, the Mountain 
Partnership and the Mountain Research Initiative (Fig. 1). These in turn encouraged the 
formation of regional networks like Science for the Carpathians (S4C) and South Eastern 
European Mountain Research Network (SEEmore) (Borsdorf & Braun, 2008). While these 
networks are open for any initiative, the GLORIA network with over 90 research sites on 
summits in all major mountain ranges of the world focuses on monitoring climate change 
effects on mountain biodiversity (Grabherr et al., 2010).  
In Innsbruck, the Research Focus Alpine Research, the Institute for Mountain Research: Man 
and Environment and, since 2010, the K1 alpS Centre for Climate Change Adaptation 
Technologies (in mountain regions) are collaborating within the “Innsbruck Mountain 
Competence” (see Borsdorf et al., 2010).  
3. Climate change in the Alps 
The Alps are among the most intensely studied mountain regions on earth. This is also true 
of fast changing weather and climate parameters such as air temperature, humidity, 
pressure, wind, precipitation and sunshine hours. While ‘weather’ denotes a snapshot of the 
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state of the atmosphere (timescale: minutes to days), ‘climate’ describes a median state of the 
atmosphere in a place on a timescale of at least three decades. 
For the Alpine Space not only a large number of time series are available but also long time-
series data, which are vital for analysing long-term trends and changes in frequency 
distributions. Instrumental records, i.e. recorded time series of meteorological and 
climatological parameters, go back more than 200 years. In the Alps, there is excellent 
additional information available on former climate states from so-called proxy data, such as 
speleothems, lake sediments and dendrochronology. 
3.1 Instrumental period 
For the Alps, the longest time series of the meteorological parameters air temperature and 
air pressure go back to the year 1760. Precipitation records started in 1800, those for 
cloudiness in the 1840s and sunshine duration records in the 1880s. Within the HISTALP 
project, records from 577 stations in the Greater Alpine Region (4–19° E, 43–49°N, 0–3500 m 
a.s.l.) were homogenized to account for changes in the location, method or instruments for 
measuring the parameters (Auer et al., 2007). The time series are available as station mode 
or gridded data and show an incremental increase in air temperature of +1.2°C for the 20th 
century. A first peak occurred at the end of the 1940s, the second increase started in the 
1970s (1.3°C per 25 years). Calculated over several decades, the temperature trends are the 
same for all regions of the Alps. Nor are there significant differences between valley and 
summit stations. Overall, warming in the Greater Alpine Region has been twice as strong as 
the global mean. On a local/regional scale, however, short-term variabilities have been 
observed that are stronger than long-term trends (Böhm, 2008). Prominent examples of such 
short-term and localized deviations would be the extremely warm summer of 2003 or the 
high-precipitation winter of 1999 with its avalanche disasters. By themselves, such 
occurrences do not say anything about a change in climate, since they could, in principle, 
occur in any climate, if only very rarely.  
Precipitation shows regionally differing long-term trends. While precipitation in the north-
eastern part of the Alpine Arc is increasing by 10–15% per century, it is decreasing by the 
same percentage in the south-east. However, a short-term variability of ±50% must be 
superimposed on these trends and dominates them.  
As regards possible future climate changes, we must assume a statistical change in the 
distribution of individual events (extremes and mean), which is important for several 
applications:  
 agriculture: the number of frost days or the duration and frequency of droughts,  
 flood calculation: extreme precipitation, 
 calculation of avalanche protection measures, calculation of roof loads: snow depths, 
 water management: runoff, i.e. precipitation, snowmelt, glacier runoff. 
Currently it is not possible to predict how these and other relevant parameters will change 
with future climate change as the models return widely differing results. Böhm (2008) 
considers the following scenarios as well founded: a rise in temperature by 3°C (IPCC 
Scenario A1B) by the year 2100, more frequent positive temperature extremes, no change in 
storm occurrences in the Alps, a decrease in solid precipitation as well as a reduction in 
glacier area. Clear scientific pronouncements on other climate parameters are not feasible, 
especially on convective precipitation (thunderstorms, hail), which is notoriously difficult to 
capture in numerical models. This is also true of future precipitation events as the relevant 
models differ widely (Christensen et al., 2007). 
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3.2 Proxy data and historical records 
Proxy parameters are very useful for understanding past climate changes better (Jansen et 
al., 2007) and they improve the accuracy of predictions for future climate scenarios. They 
provide information on the climate prior to the start of instrumental records. Tree rings, lake 
cores, moraines and speleothems show a statistical relation to means of climatological 
parameters for a given period. This connection stems from processes such as tree growth or 
dripstone formation, which are controlled by complicated chemical or biological 
mechanisms that are themselves statistically related to climate parameters.  
Dendrochronological dating of Pinus cembra pieces, for instance, provides important climate 
information for the Alps, Alpine glacier dynamics and shifts in the tree line during the 
Holocene (Büntgen et al., 2005; Joerin et al., 2008; Nicolussi et al., 2005). Statements on 
climate change deduced from lake sediments go even further back in time. The layering of 
the sediments itself can yield information on the climate but also the activity of the biota 
living in those sediments (Ilyashuk et al., 2011; Schmidt et al., 2006).  
A large number of written records on the climate of the past exist for the Alps, particularly 
on extreme events and climate parameters relating to tax-relevant aspects like harvests. Fliri 
(1998) and Jäger (2010) have put together an exemplary collection for Tyrol. These reports 
create an impressive insight into past climate change effects on human spheres of settlement 
and interest. 
3.3 Climate change and cryosphere 
Cryosphere means the frozen parts of the hydrosphere. In the Alps, these are the glaciers, 
seasonal snow cover as well as the ice in permafrost and ice caves.  
Early studies of glaciers were triggered by catastrophic bursts of glacier lakes in the course 
of a cooling climate around the year 1600 (Nicolussi, 1990). From the middle of the 19th 
century, we find systematic investigations of Alpine glaciers (e.g. Schlagintweit & 
Schlagintweit, 1850). From around 1890, changes in the length of the glaciers were recorded 
annually (Patzelt, 1970); in the second half of the 20th century, scientists measured glacier 
mass balances in the Alps (Fischer, 2011), which were collected by the World Glacier 
Monitoring Service in Zurich. A global summary of changes in the cryosphere in general 
and the mountain glaciers in particular is included in the IPCC report (Lemke et al., 2007).  
From their peak during the Little Ice Age around the middle of the 19th century, the glaciers 
of the Austrian Alps have lost circa 50% of their area (Gross, 1987). The changes in glacier 
area are documented by country in glacier inventories (Abermann et al., 2009; Lambrecht & 
Kuhn, 2007) largely based on remote sensing methods (Haeberli et al., 2007). After the last 
glacier-friendly period so far in the 1980s, which saw glacier advances, we can now observe 
an intensified retreat of Alpine glaciers. Related phenomena, such as the formation of supra- 
and peri-glacial lakes require new strategies in glacier monitoring (Paul et al., 2007) and 
trigger research on basic mechanisms (Huss et al., 2007). 
By studying long glaciological time series we obtain base lines for interpreting past climate 
in high mountain areas where only few direct recordings of weather stations are available 
(Fischer, 2010; Vincent et al., 2004). Recent comparisons of glacier and climate data led to the 
development of models that allow an interpretation of glacier stands from the Holocene, 
documented by moraines, to extrapolate the climate of the time (e.g. Kerschner & Ivy-Ochs, 
2008). Figures 2 and 3 illustrate the dramatic retreat of the Schlatenkees glacier, municipality 
of Matrei, East Tyrol.  
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Fig. 2. Schlatenkees 1890 (Photograph: V. Sella) 
 
 
Fig. 3. Schlatenkees 2010 (Photograph: A. Fischer) 
Alpine permafrost in general and permafrost in the Alps in particular, is a phenomenon that 
has only been known and scientifically investigated for a short time (Barsch, 1969). Concrete 
pronouncements on its extent are therefore still relatively imprecise (e.g. Harris et al., 2001; 
Krainer et al., 2007). What we know about the large-scale distribution of permafrost in the 
Alps stems from the Swiss Alps. Barsch (1978) puts the volume of permafrost in the Western 
Alps at 5–10 km³. Haeberli (1975) suggests that permafrost can be assumed for areas above 
2200 m a.s.l, above 2550 m a.s.l. permafrost is likely at the foot of slopes with a northern 
exposition and above 3000 m a.s.l. on steep south-facing slopes (Keller, 1987). Such 
statements are either based on morphological analyses of block glaciers as the most 
pronounced form of Alpine permafrost or, more recently, on modelling approaches using 
the energy balance in a simplified way as indicator for the existence of mountain permafrost 
(Hoelzle et al., 2001). For rock glaciers in Alto Adige, scientists were able to show clearly 
how active block glaciers have become inactive with loss of the ice from the middle of the 
19th century (Stötter, 1994). Unlike the robust climate indicators of glaciers and permafrost, 
the seasonal snow cover is subject to large interannual fluctuations. If you take a series of 
studies on the duration and thickness of snow cover within the Alpine Space (Beniston, 
1997) no homogenous picture emerges, unlike the results of other surveys in the northern 
hemisphere (e.g. Lemke et al., 2007). Given the regionally differentiated precipitation trends, 
confirmed by HISTALP data, this is hardly surprising. From a climatological perspective, it 
can be said that even in a tendentially warmer climate, winters with large amounts of snow 
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will continue to occur, just as during a cooler climate there were some winters with little 
snow (Beniston, 2011; Jäger, 2010). 
3.4 Climate change and natural hazards 
Since climate and weather drive many Alpine natural hazards, it is hardly surprising to find 
scientists everywhere debating this issue of how natural hazards behave under conditions of 
climate change. In this context, we must distinguish between the medium- to long-term 
temporal dimension of the climate, which establishes the framework of a longer-term 
disposition, and the short-term dimension of weather conditions, which may trigger natural 
hazard events. If we look at it using a time-frame of decades, the impact of global warming 
for natural hazard processes takes priority, while a look at what triggers processes shows 
that changes in precipitation patterns are decisive. 
In the course of rising temperatures, ice in permafrost melts. Together with shrinking 
glaciers, this means that the stabilizing effect of ice, both as ice cement in the substratum and 
as protective ice shield on the surface, is shifting to ever higher altitudes. At the same time, 
this process makes more and more unconsolidated sediment available for erosion. In its 
wake, tension fissures not only become more frequent but they also occur at higher altitudes 
(Stötter et al., 1996) and gravitational (rock) fall from over-steep walls also increases in 
frequency (Stötter, 2007). Add to this general development of disposition, which can be 
recorded reliably, a changed pattern of precipitation intensity as trigger, which cannot be 
statistically proven to date.  
One interesting clue of a change in precipitation towards more intense precipitation events 
stems from the analysis of the flood events in the Alps during the last two decades and, on a 
larger spatial scale, in Central Europe. Since the 1990s, an increase in extreme events has 
been recorded in several river systems, with return periods of 100 years and more, which 
show a probability of recurrence in such short succession of p < 0.001 (Table 1).  
 
River Years of flood events Return period (yrs.) 
Rhine 1993 1995 3300 
Danube 1999 2002  2700 
Elbe 2002 2006  1000 
Bregenzer Ache 1999 2002 2005 29000 
Lech 1999 (2002) 2005 ? 
Table 1. Return period of cumulative large flood events on Central European rivers (Stötter 
et al., 2009) 
Such mass occurrences of large events go hand in hand with equally large, and rising, 
damages. Here another aspect comes into play that not only explains but also drives the 
increase of risk. Since the middle of the 20th century, Tyrol, for example, has experienced a 
dramatic spatial expansion of settlement, commercial and transport infrastructure areas, 
driven by the shift from a predominantly agrarian society to a service society shaped by 
tourism. The number of exposed assets has risen in parallel with this development and can 
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be read off key indicators such as increase in population, number of buildings, visitor beds 
and buildings used in tourism (Table 2). In sum, we can say that while changes in the risk of 
natural hazards show a clear correlation to climate change, they are possibly driven much 
more by socio-economic changes. 
 
Indicator Change factor 
resident population 1.73
visitor beds 7.20 
residential buildings 5.10 
visitor accomm. buildings 6.12 
Table 2. Change factor of key elements for damage potential in the period of 1951–2001 for 
Tyrol (Stötter, 2007) 
4. Socio-economic change  
4.1 Population and settlements 
For centuries, population density in the Alps was roughly equivalent to the European 
average. With the beginning of industrialization, massive migration from the rural regions 
of the Alps set in (Bätzing, 2003). This so-called ‘flight from the mountains’ started in the 
French Alps and spread unevenly to other Alpine regions at different times and in varying 
intensity. At the end of the 20th century, significant depopulation still occurred in the Italian 
and, to a lesser degree, the east-Austrian part of the Alps. As it is mostly the young 
population who was and still is leaving the Alpine Space, such migration losses cannot be 
compensated for by a surplus of births and result in an overall decline in the number of 
inhabitants.  
Current demographic change throughout Europe is characterized by lower fertility, 
increasing old-age overhang and mortality (second demographic transition). Apart from a 
few regions in the northern Alps (including Western Austria), current natural population 
growth in the Alpine Space is negative (cf. Tappeiner et al., 2008). Inter- and intraregional 
migration now make up the strongest component of population development, further 
deepening the spatial disparities between active and passive regions and between urban 
agglomerations and peripheral rural spaces (cf. Bätzing 2003; Tappeiner et al., 2008). Within 
the densely populated areas, this development is differentiated by sub- and post-
suburbanizing processes (Fig. 4 and 5). Along the main valleys (e.g. the lower Inn valley in 
Tyrol) these processes have encouraged the formation of bands of settlement, commercial 
and transport infrastructure areas. Add to this urbanization processes along the Alpine 
fringe in the catchment of large extra-Alpine metropoles and in the inner-Alpine tourist 
centres (e.g. Chamonix, Davos, Kitzbühel) (Bätzing, 2003; cf. Tappeiner et al., 2008). Such 
developments result from changing preferences in establishing main and additional 
domiciles (amenity migration) and a greater reach in travel to work and to holiday homes 
(Perlik, 1999). In the main valleys and tourist centres on the Alpine fringe, settlement space 
is getting scarce, building land prices are rising and building coverage is becoming very 
compact (Bender, 2005). This is contrasted in peripheral areas with shrinking 
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municipalities – all the way to complete desertion of villages in the Southern Alps – that find 
it ever harder to cover the costs of maintaining their infrastructure. 
 
 
 
 
Fig. 4. and 5. Post-suburbanization in the municipality of Völs (along the Inn valley near 
Innsbruck, Tyrol) between 1940 and 2005 (Source: Orthoimages, Land Tirol, Scale 1:10,000) 
As a result of climate change, the inhabitants of valleys and basins will increasingly suffer 
from unfavourable local climate conditions. These can be mitigated through suitable 
architectural and urban planning measures, such as high energy-efficiency of buildings, 
avoiding islands of warmth, keeping fresh air corridors open, landscaping and water 
retention. Such measures, however, will be hampered by the trend towards further 
densification of settlements, as communities run out of available building land and 
transport policy favours compact settlements. The required constructional measures 
represent not just an adaptation to climate change but are also aimed at lessening it (Hiess, 
2010b; Kronberger et al., 2010; Wyss & Arlanch, 2009). 
4.2 Agriculture and forestry 
Ever since subsistence farming was abandoned, agriculture in the Alps has been dominated 
by grassland farming, including the special case of Almwirtschaft, a seasonal expansion of 
pastures into the subalpine altitudinal zone, which continues to this day. Arable farming, 
market gardening as well as fruit and wine growing (the latter in the Austrian Alps only in 
very small areas) only happens in the valleys and basins these days. 
Given the difficult conditions of climate and terrain, mountain agriculture is becoming less 
and less competitive. In large parts of the Alps, this leads to the increasing abandonment of 
farms and marginal areas. In the Italian Alps in particular, we can observe a pronounced 
decline, while in the northern, German-speaking, Alpine countries and especially in Austria 
such processes are rare (cf. Borsdorf, 2005). Here, the agrarian cultural landscape has largely 
been retained, even if it has been adapted in many places to allow modern utilization (cf. 
Tyrolean Cultural Landscape Inventory; Land Tirol, n.d.). This is linked to the mountain 
farming subsidies, which started several decades ago, but also to the fact that Austrian 
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mountain farms are mostly run as a part-time concern, i.e. in combination with other 
economic activities, mainly in tourism. Moreover, agricultural production, especially in the 
Alps, has been oriented to high quality products, viz. the high proportion of organic farming 
and regional origin certified products (Bender, 2010). 
Climate change affects Alpine agriculture in positive and negative ways. Negative impacts 
include reduced yield or quality and declining yield security as a result of the likely increase 
in summer drought, plus a possible increase in extreme events such as heavy rain, storms 
and hail. Arable farming, fruit and wine growing can adapt to these problems by choosing 
less vulnerable varieties. While grassland in regions with up to 800 mm annual precipitation 
is likely to experience severe reductions in yield, higher areas with more than 800 mm 
precipitation can expect a rise in production potential (Kronberger et al., 2010), which 
benefits mountain grassland farming. 
As agricultural subsidies strongly influence profitability and land-use distribution, a 
possible – and repeatedly discussed – reduction or reorientation of such subsidies would 
lead to significant changes. The effects of climate change are therefore going to be mainly 
noticed with crops that are less affected by EU market regulations. These include mainly 
wine and fruit growing, which also benefit from longer vegetation periods at higher 
altitudes, always presuming that irrigation in fruit growing can be guaranteed. For North 
and South Tyrol, farmers already assume a significant expansion of fruit growing areas at 
the expense of arable and grasslands (Fig. 6). It is impossible to predict whether total yields 
in Alpine agriculture will improve or decline as a result of climate change as there are too 
many parameters influencing results (warmth, dryness, pests, etc.). 
 
 
Fig. 6. Designated fruit growing area near Glurns, Upper Vinschgau (South Tyrol). On the 
field in the foreground, irrigation equipment, indispensible for fruit growing in this area, 
has already been installed (Photograph: O. Bender 2011) 
Despite the relatively stabile situation of agriculture in Austria as compared to that of 
southern Alpine countries, recent decades did see considerable losses of cultural landscapes, 
leading to an expansion of wooded areas, particularly in steep mid-slope areas of the 
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montane zone. Figures from the cadastre show that in the 1990s alone the wooded area 
increased by 5.5% (Borsdorf & Bender, 2007). Mountain forests fulfil many functions for 
humans, particularly as protective forests and for timber production, but also as CO2 sinks 
for climate protection. Forestry is increasingly making an effort to plant mixed forests suited 
to the individual location with varieties adapted to climate change. In the past, particularly 
near ore and salt processing sites in eastern Austria, fast growing fir trees were planted as 
monocultures. These are now being replaced by mixed forests. In many places, mountain 
forests are exposed not just to climate stress but also to additional factors such as game 
damage, immissions, pests, etc., which further increase the vulnerability of forest 
ecosystems to climate change. Overall, forestry in the Austrian Alps must be considered 
highly vulnerable to changes in climate (Kronberger et al., 2010). 
At higher altitudes, more extensive mountain pasturing basically encourages a rise in the 
forest line, which has been held down artificially through grazing on land mostly cleared by 
burning. There are as yet no clear indications of tree stands rising solely as a result of 
changes in climate (cf. Nicolussi et al., 2005; Wieser et al., 2009; Fig. 7 and 8). The ecological 
conditions in the treeline ecotone are too complex and the response times of subalpine forest 
communities too long to draw direct conclusions (Borsdorf & Bender, 2007).  
 
 
 
 
Fig. 7. and 8. Eastern flank of Koralpe in 1936 and 2004. The dotted line shows the current 
forest line (Source: Stützer, 2005) 
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4.3 Traffic and tourism 
Within the European economic area, the Alps represent an obstacle to traffic. Since 
prehistoric times, this obstacle has had to be overcome by transit routes along the large cross 
valleys and across the passes. Since the end of the 18th century, these routes have been 
repeatedly expanded for roads and railways in response to increasing traffic flows. The 
large valleys have definitely benefitted from this transit traffic, but at the same time they are 
increasingly suffering from the accompanying environmental burdens (air pollution, noise, 
land grab and dissection of the landscape). The total traffic volume must be broken down 
into transit traffic, import traffic (including incoming tourism) and local traffic (including 
commuting in the agglomerations) (Permanent Secretariat of the Alpine Convention, 2007). 
Contrary to the often expressed view at local protest activities against transit traffic, regional 
indigenous traffic accounts for more than 70% of total road traffic (Gruber, 1994). 
Traffic is today seen as a key driver of climate change. New transport projects that aim to 
shift traffic from road to rail (like the Brenner Base Tunnel in Tyrol) should also be 
motivated by the desire to protect the climate, even if, as the traffic breakdown shows, they 
can only solve a small part of the problem. In the Alps as well, the main focus should be on 
environment- and climate-friendly solutions to regional and urban traffic as well as on 
incoming tourism (cf. Hiess, 2010a). 
The Alps are among the earliest tourist destinations and from the beginning the focus has 
been on the landscape. With the advent of mass tourism in the 1960s, tourism and the 
leisure industry have become a major economic factor in the rural areas of the Alps (12% of 
jobs, 16% of GDP), albeit with great differences between regions and municipalities 
(Bätzing, 2003). Within the last thirty years, a long-term trend towards skiing-based winter 
tourism has emerged for large parts of the Alps, with significantly higher added value than 
summer tourism. This development goes hand in hand with a knock-out competition 
between tourist destinations. Only municipalities that invest continuously in their tourism 
portfolio will be able to achieve growth in the future. 
Climate change increasingly threatens winter tourism, at first in lower-lying areas, later on 
possibly in all tourist destinations. If we assume a temperature rise of 4°C, only 30% of winter 
sports places will be able to guarantee snow (Abegg et al., 2007). This development will, 
however, be subject to great regional differences. Clear losers in this scenario are the lower-
lying skiing areas with pistes not exceeding 2500 m a.s.l. (Alpine fringe, large parts of the 
Eastern Alps), while higher destinations with pistes above 3000 m (glaciated regions of the 
Western Alps and places in the Central Alps) are in a naturally more favourable position to 
cope. About two decades ago, municipalities began to mitigate lack of snow by making 
artificial snow and have come to rely on snow canons more and more (Hahn, 2004; Fig. 9). 
Artificial snow makes the pistes mechanically more robust and better adapted to 
developments in skiing equipment and to the rising standards of the visitors. Undoubtedly 
this must be seen as an example of successful development and implementation of adaptation 
strategies to the challenges of climate change. According to Steiger (2011), only a significant 
increase in artificial snow making allows almost all of the 100+ skiing areas in Tyrol and South 
Tyrol to maintain skiing until the middle of the 21st century if we assume a moderate 
warming scenario (A1B). At the same time, this form of adaptation is linked to considerable 
environmental problems (Pröbstl, 2006) and, with rising temperatures, the demand for water 
and energy will increase further (Olefs et al., 2010). Moreover, it raises the question if rising 
costs for winter skiing operations can be set off by even higher prices for the tourism portfolio 
or whether they will have to be met by the public (Abegg 2011; Steiger & Mayer 2008). 
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Fig. 9. Snow-making with snow canons in Obergurgl, Tyrol (Photograph: A. Borsdorf 2005) 
Summer and all year skiing areas on glaciers, established in the 1960s and 1970s, today 
operate almost exclusively from autumn to spring and no longer in summer as a result of 
glacier shrinkage (Fischer et al., 2011; Smiraglia et al., 2008). As regards tourist infrastructure 
(lift stations and pylons), glacier melt has been very effectively delayed by covering smaller 
areas with fleece to extend the maintenance intervals (Olefs & Fischer, 2008). For Alpine 
summer tourism, negative as well as positive effects can be deduced from regional climate 
scenarios. Negative effects include changes in the landscape, melting glaciers, thawing 
permafrost, drought and water scarcity as well as a potential increase in the risk of natural 
hazards (Abegg, 2011). Alpine walking and climbing routes will be ever more difficult to 
secure under these conditions. Overall, however, there is the chance of a revival of Alpine 
summer tourism (classic summer holiday) because the areas outside the Alps, where most 
tourists come from, and the Mediterranean competition destinations could well be much 
harder hit by global warming in the form of heat waves, water shortages, forest and bush 
fires, dying bathing lakes and rivers (cf. Bourdeau, 2008). If they want to take advantage of 
such a scenario, Alpine destinations must diversify away from a narrow orientation on 
winter sports and towards sustainable tourism. For such a transition to be handled 
successfully, it is vital to create the right awareness (Kronberger et al., 2010). This will take 
new communication strategies as well as comprehensive participatory processes involving 
all stakeholders as well as tourist operators and tourists themselves. 
5. Conclusion  
Mountain research started early with some Arab scientists and in Europe with Marco Polo 
and Christopher Columbus. The latter was fascinated by the mountains he observed in the 
New World and refers to them repeatedly in his work. Mathieu (2011) sees this work as a 
nodal point for mountain research that continued with the questionnaires of Felipe II which 
include six questions about mountains. The French geographer Philippe Buache was the 
first who drew a map that showed the mountains of the world as a cohesive system. 
Alexander von Humboldt provided another important impulse analysing the nature and 
hypsographic zones of the Andean Cordillera. With the rise of sciences in the 19th and 20th 
century, the Alps gradually became the most intensely investigated mountain range of the 
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world. However, the Alpine experience has to be seen in the light of comparison with other 
mountain ranges. Carl Troll based his research in the Andes, the Himalaya and the Alps.  
This is why the example of the Alps covered in this chapter has to be seen in a global 
context. Climate change and globalization are world-wide phenomena and they meet fragile 
ecosystems and traditional societies and economies ill prepared for the impacts of these 
global processes. It cannot be the purpose of this chapter to make a detailed comparison, but 
it is quite clear that effects observed in the Alps may be even more drastic in mountain 
regions located in a socio-economic environment less well equipped to find and implement 
adaptations strategies. 
As the examples from the Alps show, climate change and globalization meet complex man-
environment systems in mountain regions. Glacier and permafrost retreat, water scarcity, 
soil erosion and land-use change, as well as loss of biodiversity are consequences of climate 
change on the regional scale of the mountain area. Climate change thus impacts on 
ecosystem services, not just for the societies in the mountains but also for the inhabitants of 
the adjacent lowlands. Globalization processes also exert an ever faster impact on 
ecosystems. Even more dramatic is their effect on the cultural landscape, on agriculture, 
population structure, mobility, as well as the urbanization and marginalization of peripheral 
mountain regions. Societies are affected in socio-economic, political and institutional terms 
and require decision making at regional and local level. Both subsystems interact in the 
sphere of land use and land management (Fig. 10).  
 
 
Fig. 10. Man-environment system in mountain regions (modified from: IGBP, 2005) 
Since Global Change affects man-environment systems with greatly varying intensity and 
speed in different mountain regions, comprehensive long-term observation and monitoring 
programmes are necessary to capture it. One such programme is the global GLORIA 
initiative with its high-mountain ecology monitoring instruments (Grabherr et al., 2010; 
Pauli et al., 2007). It is not enough to study individual system elements of the natural- and 
the anthroposphere (single discipline approach) or the interaction between subsystems or 
even the entire man-environment system (interdisciplinary approach). When all is said and 
done, such analyses are always restricted to the production of system knowledge. 
The challenges of climate change and globalization increasingly call for target knowledge to be 
provided to decision makers in politics and the economy. Everybody uses key terms such as 
sustainability, preserving biodiversity, safeguarding ecosystem services, disaster protection, 
establishing protected areas, ensuring economic capability, competitiveness and social 
coherence as things to strive for. These are the expression of a heightened awareness of social 
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and political responsibility, but as a rule they are not very specific and their implementation is 
not without conflict. Therefore it is vital to include stakeholders, not only in the creation of 
system knowledge but even more importantly in the assessment and transformation into 
target knowledge in truly transdisciplinary style. The mountain.TRIP project is making a 
valuable contribution to the dissemination of system and target knowledge to a variety of 
recipients (stakeholders and general populace) by facilitating the sharing of insights (Braun, 
2010). Another important aspect is creating and disseminating management knowledge at 
different levels and across different regions. The DIAMONT project produced exemplary 
databases on steering instruments and best practices (Borsdorf et al., 2010).  
Tourist advertising may talk about ‘time standing still’ but global climate change and 
globalization have triggered dramatic changes in the Alps that can be made visible using the 
indicators mentioned. In the cultural landscape, persistent structures used to be at work for a 
long time, but the process that has its roots in the beginnings of industrialization is forcing 
accelerating dynamics onto them, speeded up further in recent decades as a result of 
globalization.  
Within the cultural space of the Alps, social and economic impact factors may dominate (cf. 
Slaymaker, 2001), but with each ‘warm’ year it becomes clearer that climate factors are 
gaining in significance. Climate change determines tourism just as much as the growth 
options for settlements and commercial areas, what is and is not a secure road and the 
routing of new roads and rail tracks. We may not yet perceive the full extent of this impact, 
yet the consequences are real and ever more significant. There is much to research! 
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